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This report covers the secomi quarter’s work on a progran to develop an 
electrolytic mathad for the preparation nf hi& diebctric thia films. 
Remlta are reported far the anodiza5ioa of niobium substrates in baths 
containing lead, =edmiam and e w l  acid phoSptrate, titanium gvlbStrateS In 
baths containfag lead and barium, sfi.~onIum mbstrates i n  batha wntalnhg 
lead, and all thme s~bstrates in a number of other batha, 
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IXfopts to grar the Mgh capac5Piy strip, thick, black fi- (as a m  ob- 
tained on and ZF subs.ePates in a K O H = p l t m M t e  bath at 20 volts) were not 
succe88pu1. A uniform black f i b  was obtaimd on Zr in a KOH-plumbIte bath 
at 50 volts but it had no measurable capacity. 
in a 9/3 KOH-plumbite batk at 70 vo l t s  and arcing at  230 wits. IracmaSiag 
the KoR concentration decieaaed the voltage at which the scintillations 
first appeared. Capacities f the s p a ~ k - g r m  filrnrr were low - the Wgbrrt 

A thick, white film w a s  gnwn on Z r  at 300 volts in a bath contaLning 5 g 

w m  Oo2 nP/cm2,, 

Scintillations we= observed 

obsemd value was  0.6 l!!F/cau s e 

W p * ) 2 "  3H9 at?d 5 g rn ~ mim-tes the current 
-a still passing at the rate . The capacity of this film 

The results with Ti s t ~ ~ p s  are presented 5n Table No, 7. 
all cases was an acetone uipe, 

htreataent in 
No black films were observed. 
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Tne starting bath w a s  a suspension of Barn03 particles in pyridins, 
was sindlar to that used In fhe 0 t h ~  am&zati.ons except that th3 cathode 
was reduced to fit 111 a 109 m'l, beaker, The m e  of the stop-off j2.g was not 
necessary, Tne anodization wA.tz;e in each case &.as 400 volts. 
densities wen?  1-aw only machlPlg 3 ma/cn2 after e l w g 9  aumt of wabr was 
added to the bath, 
in to  the films was fcrsnd, tiae f i l m  can be considemd as single phase. 
Pirst f i lm fanned WCZB the thin5 transpaenti t y p e  6s the water content was 
increased an increasing fz-action of the  strip was covered by a thids, mhfb 
&posit 3-ra the  form of small  dote, 
Tsble No. 10, 

The cel l  

Wie current 

Sirse no evidencs for the iricorporatiom or" pasttcles 
The 

Ca2acity ad loss Wuea 8 ~ 8  gim in 

I, Films Formed on Nb fn an Ethyl. Acid Phosphate 3atb 
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Le Reaction of Anodieed 1ob Films with Potassium Rydrwdde 

Niobium stx5pa containing apaclue f i b s  grown in the M$'Ob bath were dsrped 
briefly hta Fused KO% (Too long an imaeraion time resulted in completd 
dfsaolutim of the film and attack on the metal substrab), 
off the excess KOH with water, a change in film color f r o m  or rose-gragr 
to w h i t e  waa observed. After dpp;tng at UO% capmitie8 of wp-4 
60 mic~arads/cpj! at ~p = ~r yare observed. After a few la~~lartes apt af *e 
oven the capaclty fell off arrl the loss increased. Aften- 
c, th8 CapaCrty Was partmu Z W S t O w  h abaut 4 
loss was 33e Remodiraing the dipped films in the EtH$Qb rssurted in values 
not as g o d  aa Ordinarg anodiaed filmso 

After r b d n g  

Qpaque, ray films were farmed on TI. strips by anodfzing in an EtH2poL at 

a few seconds into fused Ba(OK)y8€QO (melting F i n t  abaut 18%) to form 
a thick coat;lng, 
and then held for 30 ndnutes at 40*C, The resultant thick, ,flairs coating 
was washed off w i t h  weter, the strips dried at XLO*C, and the capaciw 

20 ma/ cmfi to 2s voltso After drying, parts of %he strLps were dipped for 

The coated s-pa were heated in air briefly to 55- 
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In an alternate procedure the anodized Ti stxLps were dipped into fused 
%(OH)* which has a malting point of about b08OC.  In this cam the reac- 
tion proceeded directly to give a rough and porous w h i t e  product which did 
not adhem to the Ti substrate. Capacity m e m m a n t s  could not be made. 

No 

AppraxLmatefy one gram of B 8 n O 3  powder was mad brief ly  with a small. 
amount of PJrl’idine in a martar. The slurrg was added to a 100 ml stas 
cell and diluted to 75 ml with pyridins. Deposi.Won wa8 carried ant with 
the axial. Tf &rip at 1s volts negativw, Ekcellent coverage of &TI03 
w88 obtaired in 

Heat Treatments of BaTiO3 Deposite on Ti St?.?.p 

to 0118 minuteo 

0,  Heat Treatamnts of Anodized Zr Strips 
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section III 

The Wck,  black films grawn on Nb t o  20 volts In KOH-pIumbite bath8 
(Section B) may be considered to consist of two laprs: a capciti.err, 
high resistance, inner bpr and a conducting, non=capacitim, outer 
lapzr. The outer layer, acting aa a mildly resistive, nbuilt-lnm oomr- 
ter electrode can- the capaclwmeaauremerrts to be hdqendent of ttm 
area of tihe metallic contact emaployed. It also cawma the loss to be 
higher thsn expected (from capcity and resistance r a e m t 8 )  by CIOII.. 
tribufing a series or oontact resistance. 

Titanium anodized at 23 v o l t s  in a KOH-pl.u&ite bath (Section C) apparently 
gives the sans type of double layer black films as are obtainsd with TJb. 
For fibs with losses less than one, the captcity of the Ti-baaed film 
averages abaut 0.2 P / d  (Table No, 3) or roughly twice that of ths Nb- 
based filmsc The losses were ale0 gem- Ngher, ermd the black ffLps 
could not be made as unffonn, 

AnOdiwd Ti film, pl’c?pared in KOH-plumbite baths, without conducthg 
black layers, exh%.ted capacity - voltage products ranging f r o m  I3 to 56 

Them3 paw- 
ducts a m  larger than o m  mlght expect for ordlmry, non-ruttle film8 

stme higtber dielectric araterial. Mowever, tihe loss d u e s  of t b m  fUm 
UBSB relatimly hi& d a0 were the final snodization currents - both 
crfferia irdiaative of the formation of thin or prow fillAs. A panms 
film or one tM.nner than no& for its forming potential would also girS 
a high capacity = voltage pr&uct. ‘Pitanim anodized in SiDlple KOH bath8 
(Section F, Table No, 7) also gave relatively high loss films; humver, 
the capac3.ty-voltage products were lower than those obtained in the KOH- 
plumadte baths. Thus, the p-emce of high &el.ectSFc material in the 
KOH-plumbite bath films cannot be ruled out, 

F-V/d for films w5th losses less than one (Table No, 4). 

d i e b C t X % C  -8 d 9) and C O a l d  indicate the m-8 of 

The reason for cansidering films exhibiting only a small improvenmnt in 
capaaiw value, over that to be expected for a single oxide film, is d w  
to the behavior of capacitances in series, The presence of even a thin 
layer of low dielectric mterizl in 8 high dtelectric film would drast;i- 
cal ly  reduce the measured capaciw of that filmo 



. 
, 

h o n g  the films fo& on 75 in lead eontaizxhg baths, those produced i n  the 
lead acetate - EDTa bath (Section D, T a b l e  No, 5 )  gam the l m a t  loss values, 
fibs formed a t  100 to 150 volts exhibfted E8 to 22 
losses less than 0,l. TJeglectbg porosity effects, the capacitpmltage pro- 
duct is over twice the value one M d  expec% for mdlnary andi4;od T i  fibs, 

F-Q/cE? products a t  

Niobium anodized i n  an ethyl acid phoaphate bt.h (Section I) prodtlccrd two 
kinds of films. ~ e l w  about 1 6  volts a rapidly-fonaing, thin, translncant 
film was gnmn. A t  higher potentials an apparerrt&ly thicw, opaque fila 
was pradwed, The opaque films had reduced capacity values but exhibited 
abiliw to be fanned to low loss  Isvels, 

Th6 anodLs&an of 'pi i n  psridine uaa not pursued became of the lack of 
evidence f o r  the fornaation of a dxed metal oxide (Section H), H o w e v e r ,  
We use of a p p i c b e  bath containing Ilttle or no Water appear8 prmdfsbg 
w i t h  mIPpect to  the f o m t l o n  of higher than uwr-zl c;spacitg-voltsge pru- 
duct, a w e  phase films 19 the loss valus c2n be reduced to an accsptabln 
level. 

Several bath and &&rate combhatione appar protaisbg w i t h  respect to 
the fonnation of adherent, reasonably W o r n  films d e r  high potantid., 
hlgh current, spark producing oonditiom. 

produced the required films at 309 
s h d  prontise but were not tried at 8c, high a forming pobntial wret 
I& i n  a cyanide CoPqllexBd cacbham bath (SecMon 30); Z r  i n  a sircOrprl d- 

NlLobitkm fn a C 

Otbp ca&frations which 

-KOH bath 
(Section 3) and sirconim in 8 Pb($H - W(m3) ( a c t  ""4 on 9) bath 



3-3 



I. 

, 

S h c e  the initial investigations have shown that adbm?nt film c a ~  be formed 
under sparking codition, variations bath co~terrts should be explornd, A 
propitious bath might be one that contained both of the desired film nte ta l s  
in soluble form, bcal  heating caused by the spark ~ ~ g h t  then c a s e  8 m3.xed 
mew oxide of the desired high dielectric form to be Pepsitedo 
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